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I.  Introduction 


A.  Purpose  of  the  Project 

The  preparation  of  an  oil  and  fuel-resistant  rubber  which  retains 
its  elastic  properties  over  the  range  -70°F.  to  160°F.;  the  development 
of  a  rubber  suitable  for  use  at  500 0F.;  the  investigation  and  solution  of 
the  accompanying  problems  of  monomer  preparation,  polymerization  techniques, 
and  polymer  evaluation. 

■  B.  Research  Program 

To  achieve  this  purpose,  the  Quartermaster  Corps.  haB  authorised 
the  M.  W.  Kellogg  Company  to  conduct  a  broad  investigation  of  fluorine- 
containing  polymers,  which  involves  monomer  synthesis,  polymer  preparation, 
and  polymer  testing. 

Many  of  the  monomers  desired  for  investigation  are  unavailable 
commercially.  In  a  few  cases,  these  have  been  synthesized  at  M.  ¥'.  Kellogg. 
Otherwise,  the  monomers  or  their  precursors  are  prepared  by  Dr.  Paul 
Tarrant  of  the  University  of  Florida,  and  Dr.  Aldrich  SyverBon  of  Ohio 
State  University,  or  obtained  on  an  exchange  basis  from  the  Minnesota  Mining 
and  Manufacturing  Co.  and  the  Polaroid  Corporation. 

Polymer  preparation  has  received  chief  emphasis  at  M.  W.  Kellogg. 

The  Initial  phase  of  this  work  is  the  exploratory  copolymerization  of  each 
neW  monomer  with  selected  monomers  on  hand.  The  results  of  screening  teBts 
on  polymers  so  obtained  are  used  in  the  selection  of  new  monomer  structures, 
more  suitable  monomer  combinations  and  mole  ratios,  and  better  recipes 
and  polymerization  conditions . 

Polymer  systems  exhibiting  solvent  swell  resistance  and  low  temp¬ 
erature  characteristics  comparable  or  superior  to  the  chlorotrifluoroethylene- 
vinylidene  fluoride  copolymer  originally  developed  on  this  project  are  in¬ 
vestigated  in  greater  detail.  The  more  outstanding  of  these  will  be  pre¬ 
pared  in  pound  batches  for  a  more  thorough  evaluation. 

Polymer  compounding,  testing,  and  evaluation  are  conducted  by 
Mr.  C.  B.  Griffis,  Angus  Wilson,  and  staff  at  the  Quartermaster  Research 
and  Development  center  at  Natick,  Mass.  ASTM  procedures  D-1+71-52T  (solvent 
swell),  and  D-1053-52T  (Gehman  Stiffness)  are  employed  In  screening  the 
specimens  obtained  in  the  exploratory  copolymerizations. 
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C .  Past  Progress 

The  copolymer  systems  investigated  were  66 0,  and  the  rubber- 
like  systems,  332.  (Refer  to  RL-55-4-34) 


II.  Summary  of  Current  Progress 

The  number  of  monomers  available  for  copolymerization  is  84;  the 
number  of  different  polymer  systems  investigated,  686,  and  the  number 
of  rubberlike  systems,  348.' 

The  following  monomers  have  been  copolymerized  with  selected 
monomers  now  available:  CF2=CHCH=CH2,  CF2=CFCF2C1  and  vinyl  pyridines, 

The  development  of  a  new  high  temperature  rubber  CF2«=CF2/CF2*CFCF2C1 
is  in  progress.  The  most  promising  copolymer  ByBtemB  remain  to  be 
CF2=CH2/CF3CF=*CF2  and  CF2=CH2/CF2=CF2 . 


Ill .  Experimental  Section 
A.  Total  Monomers 

Eighty-four  monomerB  are  now  available  for  copolymerization 
study.  (Refer  to  RL-55-4-34-) . 
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B.  Chemicals  Received 

The  folio-wing  samples  were  received  during  the  current  period 
from  the  Ohio  State  University: 


Compound _ 

ch2=chocf2chcif 

CHC12CHC10CF2CHC1F 

CH2C1CHC10CF2CHC1F 

ch2clch2ocf2chcif 

CF3CC120CF2CF2C1 

CH3CF=CH2 


b.p.,  °C.  Amount ,  g. 

73-74/a tm. 

86.5- 87.5/30  mm. 

71-73/30  mm.  25 

80-82/100  mm. 

90.5- 90.7Ml  mm. 

-22  to  -21.5  1870 


The  following  pyridines  were  purchased  from  Reilly  Tar  8s  Chemical  Corp.: 

2-vinyl  pyridine  (monomer  83)  79-82 °/24  mm .  1  lb . 

"  "  (  "  84)  70-74  °/l5  mm'.  lib. 


C.  Monomer  Purification 

The  crude  CFg=CFCF2Cl  (monomer  82)  obtained  by  the  decarboxylation 
of  the  sodium  salt  of  Cjj.  telomer  acid  was  fractionated.  The  major 
fraction  (ca.  630  g.)  boiled  between  7-8. 5°C.,  was  collected.  The  mass 
spectrometric  analysis  indicates  the  monomer  to  be  pure. 

2  and  4  vinyl  pyridine  (monomers  83  and  84)  were  each  fractionated 
under  vacuum  in  order  to  remove  inhibitor  and  impurities.  The  water- 
white  purified  monomers  were  stored  under  N2  at  -70 °C. 


Monomer  Analysis 


Mass  spectrometric  analyses  of  the  three  fluorinated  butadienes 
received  from  Dr.  Tarrant  are  as  follows: 


1.  CF2*CHCH=CH2  (monomer  37) 


Mole  i 

»  (app.) 

cf2=chch=ch2 

C4H5F3 

c5h10 

C4H4F4 

r-J  70 
~22 
~  8 
trace 

CF2=CFCH=CH2  (monomer  56) 

This  sample  appears  to  be  pure, 
impurity  noted) . 

(Water 

vapor  is  the  only 

CF2f=CHCF=CH2  (monomer  51) 

Mole 

l  (app.) 

cf2=chcf=ch2 

C4H4F4 

"  85 

~15 

Polymer  Preparation 


Polymerization  using  686  monomer  systems  has  been  attempted. 
The  26  nev  systems  are:  1-82,  1-84,  2-10,  2-14-72,  2-84,  16-51-56, 
16-51-74,  16-56-74,  21-32,  24-84,  37-^2,  37-56,  37-72,  37-73,  37-74, 
37-84,  51-82,  51-84,  56-82,  56-84,  74-82,  74-83,  74-84,  82,  82-84, 
and  84. 


Of  the  systems  investigated  348  can  be  considered  rubberlike. 
The  16  nev;  systems  are  listed  belov:  2-14-72,  16-51-56,  16-51-74, 
16-56-74,  21-32,  24-84,  37-42,  37-56,  37-72,  37-73,  37-7^,  51-82,  56-82 
.74-82,  74-84,  and  82-84. 


Experimental  data  relative  to  the  exploratory  vork  carried  out 
during  the  current  period  are  set  forth  belov: 
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1.  Homopolymerization  of  Halogenated  Propenes 

A  few  attempts  to  homopolymerize  CFoCF=CF g,  CF^CCleCFg  and 
CF2=CFCF2C1  (monomers  l4,  32  and  82  respectively)  in  both  solution  and 
emulsion  recipes  failed  to  give  high  molecular  -weight  polymers  (see  runs 
3007-8,  3021-22,  3053  and  3060,  Table  I).  In  some  cases  small  amounts  of 
yellow  oil  or  powder  were  obtained. 

2.  Copolymers  of  CF2=CHCH=CH0  (Monomer  37) 

This  monomer  gives  a  powdery  homopolymer.  It  copolymerizes 
with  fluorinated  dienes  and  propenes  to  give  short  rubbery  products  in 
good  yields  (see  runs  3009-11,  3023-30,  3036-^3,  Table  i). 

3-  Copolymers  of  CFg=CFCFoCl  (Monomer  82) 

This  monomer  does  not  homopolymerize  in  the  regular  emulsion 
recipe  (see  run  3053,  Table  i).  However,  it  copolymerized  with  various 
fluorinated  dienes  and  ethylenes  giving  rubbery  polymers  in  good  yields 
(see  runs  305^-58,  Table  I  and  Table  III). 

ch=ch2 

b.  Copolymers  of  (Monomer  84) 

This  monomer  gives  a  plastic  homopolymer.  It  copolymerizes 
with  fluprinated  dienes,  propenes  and  ethylenes  giving  colored  resinous 
or  stiff  rubbery  polymers  (see  runB  3012-23  and  3058,  Table  I)  in  good 
yields . 


5.  Exploratory  Terpolymers 

The  Gehman  T^  value  of  the  copolymer  system  CF2=CHCF=CH2/ 
CFg=CFCH=CH2  was  lowered  six  degrees  by  terpolymerizing  the  fluorinated 
dienes  with  a  third  monomer  CH2=CH0CF2CF2H  (see  run  1979.  Table  Il)° 

A  series  of  terpolymers  (see  runs  3035,  3044-4-7,  Table  I)  have  been  made 
during  this  current  period.  They  will  be  sent  to  QM  for  evaluation  as 
soon  as  the  analytical  data  are  complete. 

F.  Polymer  Evaluation 

During  the  past  two  months  the  data  of  the  low  temperature 
flexibility  and  fuel  resistant  properties  of  25  rubbery  polymers  were 
received  from  the  Quartermaster  Corps  (see  Table  II). 
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Among  the  25  copolymers,  the  following  five  samples: 

1-51,  14-51,  18-51,  51-56  and  51-73  (see  runs  1959,  1971,  1977,  1984 
and  1999,  Table  II)  have  volume  swells  and  torsional  moduli  comparable 
with  X-300  Elastomer,  but  have  better  Gehman  T5  values.  Different 
molar  ratios  of  these  copolymer  systems  will  be  prepared.1 


IV.  High  Temperature  Rubber  Program 

The  excellent  thermal  stability,  fuel  and  acid  resistance  of  the 
CF2=CH2/CF3CF=CF2  copolymers  (see  Table  VTII,  RL-55-434)  have  stim¬ 
ulated  the  copolymerization  of  other  fluorinated  propenes  and  butenes 
with  vinylidene  fluoride  or  other  fluorinated  ethylenes. 

CF2=CFCF2C1  (monomer  82)  copolymerizes  with  CF2SCH2  to  give  rubbery 
products  in  good  yield.  The  results  of  a  few  physical  and  chemical 
tests  are  summarized  in  Table  III.  Its  resistance  to  "Esso  Turbo  Oil  15 
the  diester  type  hydraulic  fluid,  is  poor.  The  tests  for  thermal 
stability  and  fuel  resistance  are  now  in  progress,  and  will  be  reported 
when  the  data  are  available. 


V.  Plans  for  Future  Work 

1.  Exploratory  polymerizations  of  new  monomers  will  continue  with 
selected  monomers,  based  upon  past  experiences. 

2.  Some  theoretical  work  on  the  development  of  new  monomer 
structures  and  methods  of  monomer  synthesis  is  planned. 

3.  The  reactivity  ratios  of  CF2=CHCF=CH2  and  CF2=CFCH=*CH2  will 
be  determined. 

4.  One  pound  batches  of  the  appropriate  molar  ratios  of  the 
following  systems:  CF2=CHCF=CH2/CF2=CFCH®CH2,  CF2=CH2/CF3CF*CF2  and 
CF2=CH2/CF2=CF2  will  be  prepared  for  evaluation  of  cured  samples. 

5.  Preparation  of  ether-linked  fluorocarbon  polymers  will  be 
attempted . 
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Soft  rubber 

Crepe  rubber 
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24 
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16/ 
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SI.  short  rrthtr 

Crepe  short  rrtber 

J0k7 
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16/ 
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mm  100;  I  Iiim-i  1.32;  »•  of  polyaariaatiaa  aa4lai  7- 

8m  mm  radya  /l/.  nnpt  n  onm  2.6k. 

H  rarifi  /l /,  OMFt  bo  m-tmmmm . 

daataaa  200;  bamcyl  |*w«ld»  1;  11  ■' r  300. 

MnoinOmi  200;  kaaaoyl  faroxlda  1;  saamr  100. 

fctoi  200;  nrfluweifirtc  acid  1;  KgSgQg  1;  ■a^^-7020  k; 

IMar  200;  «R  5;  «pS?QB  1;  *2»?05  O.k;  (■  of  f^XOdotlo 

CTjpclrfTj  8.5  moo  nk  5  ee.;  W3  0.12  c-  (“  *5  «.); 

■■in  la  atalalaaa  ataal  bo*  aad  atood  far  6a  bra. 

'at*r  too;  tarflaeraoetaBOle  arid  1;  1;  OjjSjflj  O.k; 

]B  of  yaijmaUca  aadlia  7. 
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/l/  All  the  Maples  banded  on  mill  at  25 °C. 

/2/  Mold  tiass  unless  otherwise  noted  are  10  minutes,  longer  periods  are  totals 
of  individual  10  minute  periods. 

/3/  Reason  for  unexpected  analytical  results  not  determined. 


Run  No. 

3050 

3051 

3059 

3061 

Molar  Ratio  of  CFjKJHj/CFs^JFCFjCls 

Charged 

Combined 

70/30 

75.5/24.5 

60/40 

68.4/31.6 

50/50 

64.8/35.2 

25/75 

55.2/44.8 

Polymerization  Conditions 

Tim,  hrs. 

Recipe 

22-1/2 

22 

N 

69 

N 

& 

%  Conversion 

88 

77.5 

66.7 

34 

Appearance  of  Sample: 

Before  milling 

After  milling  /2/ 

White  Rubber 
Crepe  rubbery 
sheet 

White  Rubber 
Crepe  rubbery 

sheet 

White  Rubber 
Crepe  rubbery 
sheet 

31.  hard  Rubber 
Crepe  rubbery 

sheet 

Torsional  Modulus,  psi 

180 

169 

168 

178 

Gehman  values,  °C.  /3/ 

l2 

r5 

l10 

T100 

♦3 

-3 

-6 

-16 

♦9 

♦3 

0 

-9 

♦11 

♦5 

♦3 

—6 

♦13 

♦10 

♦9 

♦4 

Resilience  (Bay shore) 

7 

10 

5 

- 

"Esso  Turbo  Oil  15" 

18  hrs.  at  77°F.  wt.  %  increase 

1  hr.  at  600#F. 

35 

19 

Partially  soluble  — 

47.8 

- 

/I /  Recipes  Meter  150;  Cg  Teloaer  Acid  0.75}  NaaHFO**7H*0  3} 
KjSjOg  0.75;  Monomer  50-60 

/2 /  All  semples  bended  on  sill  At  25°C. 

/3/  All  Semples  were  molded  et  300*F. 
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